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the instrument, the brightness of the optical image produced by an instrument is equal to the nattiral brightness of the source.
2. The exit-pupil is smaller than the pupil of the eye. Then the brightness is given by an equation analogous to (81), namely,
•      H- niri* sin2 W,.....(82)
in whicri i is the intensity of radiation of the source, and 2 W is the angle of projection of the image in the eye. But now W' < J>V0ft i.e. the brightness of the image is less than the natural brightness of the source. The ratio of these two brightnesses as obtained from (Si) and (82) is
- sn
2 W : sin2
(83)
Since now W0' is a small angle and W even smaller (in the human eye W0' is about 5°), the sine may be replaced by the tangent', so that the right-hand side of (83), i.e. the ratio of the brightness of the image to the natural brightness of the source* is equal to the ratio of the size of the exit-pupil of the instrument to the size of the pupil of the eye (or, better, to the size of the image of the iris formed by the crystalline lens and the front chamber of the eye). In short: In the case of extended objects an optical instrument can do no more than increase the visual angle under which the object appears without increasing its brightness.
This result could have been obtained as follows: By the principle on page 85, the intensity of radiation of the image is equal to that of the source (when n = n' =. i and reflection and absorption losses are neglected). An optical instrument then produces merely an apparent change of position of the source. But since, by the principle of page 87, the brightness of the source is entirely independent of its position provided the wliole pupil of the eye is filled with rays, it follows that the brightness of the image is equal to the natural brightness of the source. But if the exit-pupil is smaller than the pupil of the eye, the latter is not entirely filled with rays, i.e. therce lies in a medium of index n = i. Hence the result: Provided no losses take place by reflection and absorption indium (immersion fluid) of greater index n'. The quantity of light which therefore enters thesical concepts will here be avoided in order not to forsake entirely the domain of geometrical optics.
